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HIGHLY-EFFICIENT, SELF-INACTIVATING, 
RECOMBINATION-FREE, U3-FREE RETROVIRAL VECTORS 



Background of the invention 



Field of the Invention 



This invention relates to recombination-free, highly-efficient 
retroviral vectors that self-inactivate after one round of retroviral replication. The 
present vectors allow cell-type specific gene expression from tissue specific 
promoters and enhancers. The recombination-free retroviral vectors eliminate risks 
of downstream activation of cellular proto-oncogenes (tumorigenesis) that can occur 
with conventional vectors. This invention also relates to a retrovirus produced by 
the recombinant retrovirus vector and a host cell containing the provirus of the 
present invention. 



Description of the Background 

The disclosures referred to herein to illustrate the background of the 
invention and to provide additional detail with respect to its practice are 
incorporated herein by reference. For convenience, the disclosures are referenced 
in the following text and respectively grouped in the appended bibliography. 

Retroviral vectors are the most efficient tools to introduce genes into 
vertebrate cells. Clinical experiments have been conducted to use retrovirus vectors 
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to cure a genetic disease in humans (adenosine deaminase (ADA) deficiency). 
Besides correcting inborn errors of metabolism, gene therapy is also being tested in 
clinical trials to cure cancer and various other diseases (Science 1992, Vol. 258, pp. 
744-746). 

5 

Retroviral vectors are basically retroviral particles that contain a 
crippled viral genome in which all viral protein coding sequences have been 
replaced with the gene(s) of interest. As a result, such viruses cannot further 
replicate after one round of infection without the help of a helper vims. Retroviral 

10 vector particles are produced by helper cells (Figure 1). Such helper cells contain 
plasmid constructs which express all retroviral proteins necessary for particle 
production and replication. After the introduction (transfection) of the retroviral 
vector genome into such helper cells, the vector genome (an RNA genome) is 
encapsidated into virus particles (due the presence of specific encapsidation 

15 sequences). Virus particles are released from the helper cell carrying a genome 
containing only the gene(s) of interest (Figure 1). After infection of a fresh target 
cell, the RNi« genome is reverse transcribed into DNA. The DNA copy is 
integrated into the host genome (Figure 2A). The integrated viral DNA is called 
the provirus. In the last decade, several retroviral vector systems, derived from 

20 chicken or murine retroviruses, have been developed for the expression of various 
genes (for reviews see Temin, 1987; Gilboa, 1990). 

Retroviral vectors have several limitations. For example, one major 
concern is the possible activation of proto-oncogenes as a result of the integration of 

25 the vector into the target cell genome. The activation of proto-oncogenes which is 
mediated by the viral LTR (Long Terminal Repeats) promoter and enhancer can 
lead to the malignant transformation (cancer) of the infected cell. Another problem 
with current retroviral vectors is regulated gene expression. Due to the presence of 
the retroviral LTR promoter and enhancer, it is impossible to design reliable vectors 

30 for tissue specific gene expression. 

To avoid these two shortcomings, retroviral vectors have been 
developed from murine leukemia virus (MLV) and spleen necrosis virus (SNV) that 
self-inactivate after one round of retroviral replication (Yu et al, 1986; Dougherty 
35 and Temin, 1987; United States patent no. 4,980,289 to Temin et al.). This has 
been achieved by deleting parts or almost all sequences of the retroviral U3 region 
of the right LTR (Figure 2B). As a result of the mechanism of the retroviral life- 
cycle, after one round of replication, a retroviral provirus is formed that does not 
contain LTR promoters. 
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However, in the case of MLV derived vectors, the efficiency of gene 
transduction was about four orders of magnitude less than tha< of a vector with two 
complete LTRs. In the case of SNV, efficiency of gene transduction decreased 
5 only about tenfold. However, detailed investigations revealed that the U3-region of 
the right LTR was reconstituted in the helper cell (Olson et al., 1992). This 
reconstitution of the U3-region was the result of recombination (or gene conversion) 
of the vector with retroviral sequences present in the helper cell or in the other 
LTR. 

10 

To prevent such recombination events, new SNV-derived helper cells 
were constructed that express retroviral particle proteins from promoters and 
enhancers different from those present in the retroviral genome. Such new helper 
cells were termed DSN cells. DSN cells contain two separate plasmids for the 

15 expression of gag-pol and env proteins (Dougherty and Temin, 1989). One plasmid 
contains the g^-pol gene of SNV which is expressed from the CMV promoter. 
The other plasmid contains the envelope gene unit of SNV which is expressed from 
the RSV promoter. Experiments performed with these new helper cells and SNV 
derived U3-minus vectors (e.g., pJD220SVHY, see Figure 3) revealed that the 

20 frequency of the recombination event(s) leading to a vector with two wild-type 
LTRs was markedly reduced. However, vectors containing two wild-type LTRs 
were still recovered from transfected DSN helper cells (Dougherty et al., 1989). 
This finding showed that the (unaltered) U3-region of the left LTR of the vector 
construct can also serve as a template for the recombination (or gene conversion) 

25 event resulting in the reconstitution of the U3-region of the right LTR. 

Brief Description Of The Figures 

30 

FIGURE 1 is a diagram illustrating retroviral helper cells producing 
recombination-free, self-inactivating retroviral vectors. 

FIGURE 2 is a diagram illustrating retroviral vector replication. 

35 



FIGURE 3 is a diagram illustrating retroviral vectors derived from 
spleen necrosis virus (SNV). 
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FIGURE 4 is a diagram illustrating the nucleotide sequences at the 
junction of the cytomegalovirus (CMV) with spleen necrosis virus sequences as 
present in the pPOlll and pPOH5 vector series. 

5 

Summary Of The Invention 



The present invention pertains to a recombinant retrovirus vector 
10 having a U3-free 5' LTR, a partially deleted 3 1 LTR, all essential cis-acting 
sequences for replication, an internal promoter recognizable by a selected host cell, 
and a non-retroviral gene under the control of the recognized promoter wherein: 

(a) the U3-free 5 1 LTR is positioned 5' of the non-retroviral gene 
and has a transcriptional promoter and enhancer different from that of the original 

15 retroviral promoter and enhancer replacing the original U3 region of the 5*LTR; 

(b) the partially deleted 3* LTR is positioned 3' of the non-retroviral 
gene and has ho U3 sequences except for those required at the attachment site for 
viral integration; 

(c) an exogenous polyadenylation addition signal sequence 
20 recognized by the selected host cell and positioned on the vector 3' to the 3* LTR 

viral integration site; and 

(d) the internal recognized promoter is positioned adjacent to the 
non-retroviral gene on the vector to permit expression of the non-retroviral gene in 
the host cell; 

25 whereby the vector can produce progeny virus in a helper cell with 

the progeny virus being capable of infecting the selected host cell and forming a 
provirus in the host cell, with the non-retroviral gene being expressible in the host 
cell, but the provirus in the host cell will be replication incompetent even in the 
presence of a helper virus. 

30 

The present invention also pertains to a retrovirus produced by the 
recombinant retrovirus vector and a host cell , containing the provirus of the present 
invention. 

35 
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Detailed Description Of Tiie Invention 

This invention relates to recombination-free, highly-efficient 
5 retroviral vectors that self-inactivate after one round of retroviral replication. The 
vectors allow cell-type specific gene expression from tissue specific promoters and 
enhancers and eliminate risks of downstream activation of cellular proto-oncogenes 
(tumorigenesis) that can occur with conventional vectors. The present self- 
inactivating vectors eliminate the problems of recombination and give rise to high 

10 gene transfer efficiency, up to 1,000 fold higher than that of existing self- 
inactivating vectors. The vectors described herein are derived from spleen necrosis 
virus but vector modification may be made with any retroviral vector leading to 
similar results. Thus, the novel vectors have a high potential for use in human gene 
therapy and in other gene transfer applications in which the cell-type specific gene 

15 expression is required, e.g., tissue specific gene expression in transgenic animals. 

eliminate vector recombination and improve the efficiency of 
gene transduction, two modifications were made to a self-inactivating retroviral 
vector. First, the U3 region of the left LTR was replaced by the immediate early 

20 gene promoter and enhancer of the cytomegalovirus (CMV, Figures 3 and 4). This 
promoter was shown to be the strongest among a series of promoters tested for gene 
expression in a large variety of cell-types including the SNV promoter in D17 cells. 
In order not to abolish retroviral replication, the substitution of the U3 promoter by 
the CMV promoter was done in such a way that initiation of transcription started at 

25 the beginning of R as in the wild-type virus. In particular, if RNA transcription is 
initiated upstream of the original initiation site, first strand cDNA synthesis would 
result in a cDNA product abolishing replication. It may be transferred and 
hybridize to the R-region of the second RNA molecule. However, such a cDNA 
most probably could not function as a primer, since the immediate 3* nucleotides of 

30 that cDNA would not find homologous sequences for hybridization. Since the 
precise initiation of transcription was difficult to predict, three constructs 
(designated as pPOlll-Rl, pP0111-R2, and pPO!ll-R3) were made in which 
variable amounts of the U3 nucleotides upstream of the first nucleotide of R were 
retained (Figures 3 and 4). The function as well as frequencies of recombination of 

35 these constructs was tested as described earlier (Dornburg and Temin, 1988; Olson 
et aL, 1992) and as described below. Second, the encapsidation region, as present 
in previous SNV derived vectors, was extended. Such additional sequences 
increase the efficiency of encapsidation of the vector genome into retroviral 
particles (Embretson and Temin, 1987). 
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In one embodiment of the present invention, the vector is a 
recombinant retrovirus vector having a normally replication incompetent retrovirus 
gene sequence with a foreign eukaryotic gene- The retrovirus gene sequence is 
prepared with a deficiency in the retrovirus promoter so that the vector can still 
produce progeny virus in a helper cell, with the progeny virus being capable of 
infecting a selected eukaryotic host cell, forming a provirus, and expressing the 
eukaryotic gene in the host cell, but the provirus will be defective in the retrovirus 
promoter sequence. Preferably, the vector is a recombinant plasmid. In another 
embodiment, a foreign internal promoter is positioned adjacent to the foreign 
eukaryotic gene on the vector to permit expression of the foreign eukaryotic gene in 
the eukaryotic host cell without initiating retroviral provirus gene expression. In 
one form, the reading direction of the foreign promoter is inverted relative to the 
normal reading direction of the retrovirus gene sequence, and a foreign 3' RNA 
processing sequence is positioned on the side of the foreign eukaryotic gene 
sequence which is opposite to the foreign promoter. In another embodiment, the 
retrovirus is abnormally replication incompetent retrovirus of the type having a 
retrovirus portion and a foreign eukaryotic portion, the retrovirus portion having a 
deficient promoter portion, such that the virus is capable of infecting a eukaryotic 
host cell, forming a provirus, and expressing a eukaryotic protein coded for by the 
foreign eukaryotic portion in the host cell, but the provirus will be defective in a 
retrovirus promoter such that retroviral provirus gene expression doesn't take place 
in the host cell. 

The present invention allows one to select a eukaryotic gene of 
interest, insert the gene into a vector designed in accordance with the present 
invention, transfect a helper cell with the vector, harvest virus stock from the helper 
cell, use the harvested progeny virus to infect a target cell, and have the proviruses 
which are formed in the target cells express the inserted eukaryotic gene without 
expressing any retroviral proteins. Since there is no retroviral promoter that is 
active on the, provirus, endogenous helper proteins cannot trigger production of a 
virus from the provirus. Since there is no retroviral promoter in the provirus, the 
provirus cannot provide a retrovirus signal that might trigger the host cell to act in 
an unintended way. The lack of retroviral promoter stops production of retroviral 
RNA. This system renders much more likely the acceptability of recombinant 
retrovirus as drugs for vertebrates. 

In the present invention, the enhancer and the promoter sequences of 
the retrovirus present at U3 in SNV have been deleted from the right side of the 
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DNA sequence in the plasmid vector (3* LTR). Only the sequences required at the 
attachment site for viral integration in the 3' LTR are present. The U3 5 f LTR has 
a transcriptional promoter and enhancer different from that of the original retroviral 
promoter and enhancer to replace the original U3 region of the 5'LTR. The total 
5 lack of homology in the two U3 sequences prevent recombination. The U3 
sequence normally present in the 5' LTR has been reported to be used as a template 
to repair a partially deleleted U3 sequence in the 3 1 LTR, By eliminating the U3 
sequence in the 5' LTR, the template for repair of the partially deleleted U3 
sequence in the 3' LTR is also eliminated. The vector DNA is used to transfect 

10 helper cells in a conventional manner. Because transcription from the vector begins 
at R on the left side, and because the remoter on the left side is not defective, virus 
can be harvested from the transfected helper cell in the conventional manner. 
Target cells can then be infected with the harvested virus. Since the right side U3 
supplies the coding sequences for both U3 segments in the resulting provirus, the 

15 transcriptional promoter which was originally deleted on one side of the plasmid 
DNA shows up as being deleted from both sides in the resulting provirus. The 
vector therefore permits a stock of the retrovirus progeny virus to be grown up, yet 
will not permit further replication after one infection cycle. 

20 If an internal promoter is not inserted, there will be no promoter to 

produce the desired foreign eukaryotic gene expression. Preferably such a 
promoter is positioned immediately adjacent to the foreign eukaryotic of interest so 
that no intervening retrovirus genes RNA is expressed. Because deletion of most of 
the U3 in SNV resulted in a loss of correct 3' end processing of viral RNA, even 

25 though AAUAAA was still present, a polyadenylation site was added to the vector. 
Moreover, problem recombinations are unlikely because the U3 sequences in the 
vector are not homologous. 

Abbreviations used in the present invention are as follows: pro- 
30 promoter; enh-enhancer; PBS-primer binding site for DNA synthesis; PPT- 
polypurine track for DNA synthesis; E-encapsidation sequences for RNA 
packaging; attR+-a sequence that will form the right side of the attachment site 
relating to integration; attL+-the sequence that will form the left side of the 
attachment side relating to integration; attL+-the deletion of the original provirus 
35 left-side attachment site; and attR+-the deletion of the original right side 
attachment site. 

The term "oligonucleotide" as used herein refers to primers, probes, 
oligomer fragments to be detected, oligomer controls, and unlabeled blocking 



WO 94/29437 



- 8- 



PCT/US94/06415 



oligomers. Oligonucleotide are molecules comprised of two or more 
deoxyribonucleotides or ribonucleotides. The term "primer" as used herein refers 
to an oligonucleotide, preferably an oligodeoxyribonucleotide, either naturally 
occurring such as a purified restriction digest or synthetically produced, which is 
5 capable of acting as a point of initiation of synthesis when subjected to conditions in 
which synthesis of a primer extension product, which is complementary to a nucleic 
acid strand, is induced, Le.> in the presence of nucleotides, an agent for 
polymerization such as a DNA polymerase, and a suitable temperature and pH. 
The primer must be sufficiently long to prime the synthesis of extension products in 
10 the presence of the polymerization agent. 

FIGURE 1 is a diagram illustrating retroviral helper cells producing 
recombination-free, self-inactivating retroviral vectors. FIGURE 1A shows cells 
(preferentially D17 cells = canine cells) transfected with two different plasmids 
15 expressing the retroviral gag-pol and env genes, respectively. These genes are 
expressed from promoters and enhancers different from the vector long terminal 
repeat LTR promoter and enhancer. FIGURE IB shows that after the transfection 
of the retroviral vector genome into such helper cells, viral particles are produced 
that contain the RNA vector genome with the gene of interest. 

20 

FIGURE 2 is a diagram illustrating retroviral vector replication. 
FIGURE 2A shows an example of a conventional retroviral vector provirus as 
present in the helper cell shown at the top. This vector contains wild-type long 
terminal repeats with full-length U3, R, and U5 regions. RNA transcription yields 

25 the RNA transcript shown below. This RNA contains an encapsidation sequence 
(E) and all other cis-acting sequences necessary for replication (pbs = primer 
binding site, ppt = polypurine tract). After infection of a fresh target cell the 
retroviral genome is reverse transcribed into a double-stranded DNA copy. During 
this process, the U3-region which contains the retroviral promoter and enhancer and 

30 which is present at the 3' end of the RNA genome is duplicated and attached to the 
5' end of the DNA copy. In a similar way, the U5 region, present only at the 5' 
end of the RNA genome, is also duplicated and attached to the 3' end of the DNA 
copy. The double-stranded DNA copy is integrated into the genome of the infected 
cell. Due to the presence of two long terminal repeats which contain the retroviral 

35 enhancer and promoter, tissue specific gene expression cannot be obtained. 
Further, the downstream enhancer and promoter can activate gene expression of 
genes located downstream of the integrated provirus (indicated by an arrow). 
FIGURE 2B illustrates the principle of a self-inactivating retroviral vector. The 
vector present in the helper cell is shown at the top. This vector is almost identical 
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to the one shown above. However, the long terminal repeat at the right side has 
been modified in the following way: most of U3-sequences including the promoter 
and enhancer sequences have been deleted. Maintenance of some IB-sequences 
that form the attachment site (att) is essential for the efficient integration of the 
5 vector genome. The RNA transcribed from the U3-minus vector vims does not 
contain the retroviral promoter and enhancer. Thus, after one round of retroviral 
replication, a promoter-less retroviral provirus is formed. Genes can be expressed 
from internal tissue-specific promoters (pro) . 

10 FIGURE 3 is a diagram illustrating retroviral vectors derived from 

spleen necrosis virus (SNV). The SNV genome (provirus) is shown at the top. An 
example of a standard retroviral derived from SNV is shown below (pJD214HY). 
In all SNV-derived standard vectors, the protein coding regions (gag-pol and env, 
the region from Sail to the 3 1 end of env) have been replaced with the gene(s) of 

15 interest (in pJD214HY with hygromycin resistance gene, referred to as hygro). 
pJD220SVHY is a first generation self-inactivating retroviral vector in which the 
retroviral promoter and enhancer of the right LTR have been deleted (designated as 
U3 minus; for more details, see Figure 2B). To increase efficiency of replication, 
the polyadenylation sequence of simian virus 40 (SV40ter) has been inserted 

2 0 downstream of the U3-minus LTR. To avoid problems of recombination of first 
generation U3-minus vectors in the pPOl 1 1 vectors, the U3 region of the left LTR 
has been almost completely deleted (except a few nucleotides to guarantee correct 
initiation of transcription) and substituted for the immediate early promoter and 
enhancer of the human cytomegalovirus (CMV, for more details, see also Figure 

25 4). Further, this second generation, U3-free vector contains additional retroviral 
sequences (from Sail to Eagl) to increase the efficiency of encapsidation. A 
universal, second generation U3-free vector (pPOH5-Rl) contains a multiple 
cloning site replacing the promoter (SV40pro) and hygromycin B resistance gene 
(hygro) as present in pJD220SVHY and pPOlll-Rl (from Eagl to Clal). The 

30 multiple cloning site has been derived from pBluescript II (Eagl to Clal) and 
allows the easy insertion of various genes and promoters to give new retroviral 
vectors. 

FIGURE 4 is a diagram illustrating the nucleotide sequences at the 
35 junction of the cytomegalovirus (CMV) with spleen necrosis virus sequences as 
present in the pPOlll and pPOH5 vector series. An except of the SNV genome 
showing the TATA box and initiation of transcription is shown at the top. The 
Sacl site downstream of the TATA box of tlje CMV immediate early promoter 
(shaded sequence) was used for cloning to connect the CMV promoter and enhancer 
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to the SNV sequences. pP0111-R2 and pP0111-R3 are 3 or 9 nucleotides shorter 
than pPOl 1 1-R1 , respectively. 

The function of the new vectors was tested in a tissue culture system 
5 as follows and as described earlier (Olson et aL, 1992): The new vector constructs 
pPOlll-Rl, pPOHl-R2, and pPOHl-R3 were transfected into helper cells. In 
parallel, the retroviral vectors pJD214HY, a standard retroviral vector with two 
complete wild-type LTRs, and pJD220SVHY, the first generation self-inactivating 
vector from which the new vectors have been derived (Figure 3), were also 
10 transfected into helper cell-lines. Transfected cells were selected for hygromycin 
resistance and cell-lines were established. These resulting helper cell lines are 
designated as step 1 cells. Virus was harvested from confluent step 1 cultures and 
- fresh helper cells were infected. The infected helper cells were termed step 2 cells. 
Virus titers were determined (Table 1). We show that the new vectors pPOlll-Rl 
15 to pPOHl-R3 were more efficient than pJD220SVHY. They were almost as 
efficient as a vector with two wild-type LTRs (pJD214HY). 
\ 

To test for recombination, virus particles were harvested from 
confluent step 2 cell cultures (mass infection) and fresh D17 cells were infected. 

20 Detection of hygromycin resistant colonies indicates that recombination 
reconstituted the U3 region: due to the lack of control sequences in RNA 
transcripts derived from completely U3-minus proviruses, such vectors are not 
further passaged by retroviral proteins. Thus, only vectors with complete, repaired 
LTRs are transferred to new target cells. We found that pJD220SVHY was further 

25 passaged with high efficiency confirming earlier findings (Olson et al., 1992). The 
new vectors pPOlll-Rl to R3, however, were not further transferred from step 2 
helper cells (Table 1). These data show that the new vectors are resistant to 
recombination events that reconstitute the LTR region. 
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TABLE 1 

EFFICIENCY OF INFECTTVTTY AND RECOMBINATION OF SELF- 
INACTIVATING RETROVIRAL VECTORS DERIVED FROM SNV 

5 

VIRUS TITER (CFU) 



VECTOR NAME 


1, INFECTION 


2. INFECTION 


pJD214HY 


6 X 105 


5 X 106 


pJD220SVHY 


8 X 104 


1 X 103 


pPOlll-Rl 


4 X 105 


0* 


pP0111-R2 


2,5 X 105 


0* 


pPOlll-Rl 


1.5 x 105 


0* 



\ 

* No hygromycin resistant colonies were obtained with pPOlll vectors. 

15 

The retroviral vectors (see also Figure 3) were transfected into helper 
cells followed by hygromycin selection. Virus was harvested from confluent 
cultures and fresh helper cells were infected (referred to as first infection). Infected 
cells were selected for hygromycin resistance, and virus titers were determined 

20 (expressed as colony forming units (CFU) per ml of supernatant medium). Cell- 
lines were established from infected tissue culture plates which contained more than 
1,000 independent hygromycin resistant colonies. Virus was harvested from 
confluent cell cultures and fresh D17 cells were infected (referred to as second 
infection). Infected cells were selected for hygromycin resistance and virus titers 

25 were determined* 

Examples 

Materials and Methods 

30 

Plasmid construction. 

The immediate early promoter and enhancer of cytomegalovirus, 
CMV (a 900 bp Hind3 fragment obtained from plasmid pJDCMV19SV, Dougherty 
35 et al., 1990) was cloned into plasmid pRD15 (described in Sheay et aL, submitted 
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for publication). The resulting plasmid was termed pPOlOl. A DNA fragment 
containing most of the LTR, the encapsidation region, and parts of the gag-pol 
region of spleen necrosis virus (a Ball fragment derived from plasmid pSW253, 
described by Watanabe and Temin, 1982) was cloned into the blunted Sacl site of 
5 pBluescript II KS. The resulting plasmid was termed pPO102. Plasmid pPO102 
was digested with Sacl and re-ligated after treatment with Klenow polymerase 1 
(creation of blunt ends) to eliminate a Sacl site present in the encapsidation 
sequence. The resulting plasmid was termed (pPO102-S). Using PCR technology 
and plasmid pPO102-S as template, three DNA fragments were generated 

10 comprising slightly different amounts of the SNV R, U5, and encapsidation region: 
a DNA fragment termed Rl comprises map units 383 to 986 of the SNV genome, 
fragment R2 comprises map units 385 to 986, and fragment R3 comprises map units 
392 to 986. All PCR primers contained Sacl recognition sites at their 5* ends. 
After Sacl digestion, fragments Rl, R2, and R3 were cloned into the Sacl site of 

15 pBluescript II KS. The resulting plasmids were termed pPO103-Rl, pPO103-R2 
and pPO103-R3, respectively. Fragments Rl to R3 were isolated from such 
plasmids and iloned into the Sacl site of pPOlOl. The resulting plasmids were 
termed pPO104-Rl, pPO104-R2, and pPO104-R3, respectively. 

20 Plasmid pJD220SVHY (Dougherty and Temin, 19986) was digested 

with Sspl and Sacl. After Klenow poll treatment, a linker coding for the 
recognition site of the restriction enzyme Bgl2 was ligated. This procedure 
removed the left LTR promoter, and all of the encapsidation sequences present in 
this vector. The resulting plasmid was termed pPO106. DNA fragments derived 

25 from plasmids pPO104-Rl, pPO104-R2, and pPO104-R3 comprising the CMV 
promoter, R, U5, and the encapsidation sequence (Bgl2 fragments) were isolated 
and inserted into plasmid pPO106 digested with Bgl2. The resulting plasmids were 
termed pPOlll-Rl, pPOHl-R2, and pPOHl-R3, respectively. The universal 
retrovirus vectors pPOH5-Rl and PPOl 15-R2 were made by replacing the SV40 

30 promoter and hygromycin B phosphotransferase gene of pPOlll-Rl and pPOlll- 
R2 (Eagl to Clal fragment) with the multiple cloning site (Eagl to Clal) of 
pBluescript II KS. 

35 
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DNA sequence pPOlll-Rl 5528 b.p. complete sequence; 

CAGATCTGAGCTTGCCATTGCATACGTTGTATCCATATCATAATATGTACATTTATATTGGCTCA 
TGTCCAACATTACCGCCATGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGG 
5 GTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTG 
GCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCA 
ATAGGGACTTTCCATT6ACGTCAATGCGTGGAGTATTTACGGTAAACTGCCCACTTCGCAGTACA 
TCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGCC 
ATTATGCCCAGTACATCACCTTATGGGACTTTCCTACTTGGCAGTACATC7ACGTATTAGTCATC 
10 GCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACG 
GGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGG 
ACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGG 
GAGGTCTATATAAGCAGAGCTCATCTCTTGCTCGGGGTCGCCGTCCTGCACATTGTTGTTGTGAC 
G7GCGGCCCAGATTCGAATC7GTAATAAAACTTTTTTTTTTCTGAATCCTCAGATTGGCAGTGAG 
15 AGGAGATTTTGTTCGTGGTGTTGCCTGGCCTACTGGGTGGGCGCAGGGATCCGGACTGAATCCGT 
AGTACTTCGGTACAACATTTGGGGGCTCGTCCGGGATACCCTCCCCATCGGCAGAGGTGCCAACT 
GCTTCTTCGAACTTTCTTCCAACTCCGGCGCCGGTGAGTTAAGTACTTGA7TTTGGTACCTCGCG 
AGGGTTTGGGAGGATCGGAGTGGTGGCGGGACGCTGCCGGGAAGCTCCACCTCCGCTCAGCAGGG 
GACGCCCTGACCTGAGCTCGAATTCAGATCTTGTGGTATCTGATTGTTGTTGAGCCGTCCCTAAG 
20 ACGGTGATACTAAGTCGTGGCTTGTGTGTTTGTTTGTTGCCTTGTGTTTGTTCGTCGTTTGTCGA 
CAGCGCCTTGCGAATTGGTGTACCCACACCGCGCGGCTTGCGAATAATACTTTGGAGAGCCTTTT 
GCCTCCAGTGTCTTCCGTCTGTACTC6TCCTCCTCTCCCTCTCCGGCCGGGAGAGCTCGCCCGGG 
GATCCTCTAGTATGGT6CACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGTATAC 
ACTCCGCTATCGCTACGJGACTGGGTCATGGCTGCGCCCCGACACCCGCCAACACCCGCTGACGC 
25 GCCCTGACGGGCTTGTC^GCTCCCGGCATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCT 
GCATGTGTCAGAGGTTTTCACCGTCATCACCGAAACGCGCGAGGCAGCTGTGGAATGTGTGTCAG 
TTAGGGTGTGGAAAGTCCCCAG6CTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTA 
GTCAGCAACCA6GCTCCCCAGCAGGCAGAAGTATGCAAAGCATCCATCTCAATTAGTCAGCAACC 
ATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCC 
30 CCATGGCTGACTAATTTTTTTTATTTATGCAGAGGCCGAGGCC6CCTCGGCCTCTGAGCTATTCC 
AGAAGT AGT GAG CAGG CTTTTTTGGAGGCC TAGGCTTTT GCAAAAAGC T CTAGAGT C G ACCTGCA 
GCCCAAGCTGATCCCCGGGGGCAATGAGATATGAAAAAGCCTGAACTCACCGCGACGTCTGTCGA 
GAAGTTTCTGATCGAAAAGTTCGACAGCGTCTCCGACCTGATGCAGCTCTCGGA6GGCGAAGAAT 
CTCGTGCTTTCAGCTTCGATGTAGGAGGGCGTGGATATGTCCTGCGGGTAAATAGCTGCGCC6AT 
35 GGTTTCTACAAAGATCGTTATGTTTATCGGCACVTTGCATCGGCCGCGCTCCCGATTCCGGAAGT 
GCTTGACATTGGGGAATTCAGCGA6AGCCTGACCTATTGCATCTCCCGCCGTGCACAGGGTGTCA 
CGTTGCAAGACCTGCCTGAAACCGAACTGCCCGCTGTTC76CAGCCGGTCGCGGAGGCCATGGAT 
GCGA7CGCTGCGGCCGA7CT7AGCCAGACGAGCGGGT7CGGCCCATTCGGACCGCAAGGAATCGG 
7CAA7ACAC7ACA7GGCG7GAT7TCATA7GCGCGA77GC7GA7CCCCA7G7G7ATCAC7GGCAAA 
40 C7G7GA7GGACGACACCGTCACTGCG7CCG7CGCGCAGGC7CTCGA7GAGC7GATGC7T7GGGCC 
GAGGACTGCCCCGAAGTCCGGCACCTCGTGCACGCGGA77TCGGCTCCAACAATGTCCTGACGGA 
CAA7GGCCGCA7AACAGCGGTCA77GAC7GGAGCGAGGCGA7GT7CGGGGA77CCCAA7ACGAGG 
7CGCCAACA7CT7CTTC7CCAGGCCG7GG77GGC77G7A7GGAGCAGCAGACGCGCTAC77CGAG 
CGGAGGCA7CCGGAGCT7GCAGGATCGCCGCGGCTCCGGGCGTATATGCTCCGCATTGGTC77GA 
45 CCAAC7C7ATCACAGCT7GG7TGACGGCAA7T7CGA7GA7GCAGC77GGGCGCAGGGTCGA7GCG 
ACGCAA7CG7CCGA7CCGGAGCCGGGACTG7CGGGCG7ACACAAA7CGCCCGCAGAAGCGCGGCC 
G7C7GGACCGATGGCTG7GTAGAAG7ACTCGCCGA7AG7GGAAACCGACGCCCCAGCAC7CG7GG 
GA7CAGC77GGCACTGGAATTAA77C7CA7G777GACAGC7TATCA7CGATAAGC7CTAGG7CAA 
7GG777GACCAGAACA7ACAAGAGCAG7GGGGAA7G7GGGAGGGCC7CGAGGTCGGGGTCGCCG7 
50 CC7ACACA77G77GTTG7GACG7GCGGCCCAGA77CGAATCTG7AA7AAAACC7777777AAC7G 
AA7CC7CAGATTGGCA6T6AGAGGA6A7777G77CG7GGT677GGC7GGCC7AC7GGG7GGGCGC 
AGGGA7CGA7CCAGACA7GA7AA6ATACA77GA7GAGT7TGGACAAACCACAAC7AGAA7GCAG7 
GAAAAAAA7GCTTTAT77GTGAAAT77G7GA7GC7A77GC777A7T7G7AACCA77A7AAGC7GC 
AA7AAACAAGT7AACAACAACAA77GCA77CA7777ATGTT7CAGGTTCAG6GGGAGG7G7GGGA 
55 GG777777AAAGCAAG7AAAACCTC7ACAAA7CAAGCTGA7CCC7GCCTCGCGCG777CGG7GA7 
GACGCTGAAAACC7CTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGA7GC 
CGGGAGCAGACAAGCCCG7CAGGGCGCG7CAGCGGG7GTTGGCGGGTGTCGGGGCGCAGCCA7GA 
CCCAG7CACG7AGCGA7AGCGGAG7G7A7AC7GGC77AAC7A7GCGGCATCAGAGCAGA77G7AC 
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TGAGAGTGCACCATATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGCATCAGG 

CGCTCTTCCGCTTCCf CGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATC 

AGC7CACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGT 

GAGCAAAAGGCCAGCAAAAGGCCAG6AACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGG 
5 CTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGG 

ACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGC 

CGCTTACCGGAT ACCTGT CCGCCTT T CT C C C TTCGGGAAGC GT GGCGCTTTCT CAT AG C T CACGC 

TGTAGGTATCTCAGTTC6GTGTAGGTCGTTCGC7CCAAGCTGGGCTGTGTGCACGAACCCCCCGT 

TCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACT 
10 TATCCCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACA 

GAGTTCTTGAAGTGGTGGCCTAACTACGGC7ACACTAGAAGGACAGTATTTGGTATCTGCGCTCT 

GCT GAAGCCAGTTA CCTT CGGAAAAAGAGT T GGT AGCTCTT GAT C C G GC AA A C AAAC C ACCGCTG 

GTAGCGGTGGTTTTTTTGTTTGCAAGCA6CAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGAT 

CCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGT 
15 CAT GAGATTATCAAAAAG GAT CTT CACCT A GATCCTTTT AAATTAAA AA T GA A GTTT T AAATCAA 

TCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATC 

TCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGAT 

ACG GGAG GGCTT ACCAT CTGG CCCC AGT G CT GC AATG AT ACC GCGA G A C C CA C G CT C A CCGGCT C 

CAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTA 
20 TCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAG 

TTTGCGCAACGTTGTTGCCATTGCTGCAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTT 

CATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCG 

GTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGT 

TATGGCAGCACT6CATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTG 
25 AGTACTCAACCAAGTC^TTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTCCCCGGCGTCA 

ACACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTC 

GGG GCGAAAACT CT CAAGGAT CT TACCGCT GTTGAGATCCAGTTCGA T G T A AC C C ACT CGT GCAC 

CCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAA 

AATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACT CTTCCTTTTTCA 
30 ATC 



DNA sequence pPOHl-R2 5525 b.p. complete sequence; 

35 CAGATCTGAGCTTGCCATTGCATACGTTGTATCCATATCATAATATGTACATTTATATTGGCTCA 
TGT C CAACATT ACCGC CAT G TTGACATT GA T T ATTGACT AGT TAT TAATAGTAAT CA A T T ACGGG 
GTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTG 
GCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCA 
ATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACA 

40 TCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGC 
ATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATC 
GCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACG 
GGGATTTCCAAGTCTCCACCCCATTGACGTCAAT6GGAGTTTGTTTTGGCACCAAAATCAACGGG 
ACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGG 

45 GAGGTCTATATAAGCAGAGCTCTCTTGCTCGGGGTCGCCGTCCTGCACATTGTTGTTGTGACGTG 
CGGCCCAGATTC6AATCT6TAATAAAACTTTTTTTTTTCTGAATCCTCAGATTGGCAGTGAGA6G 
AGATTTTGTTCGT6GTGTT6CCTGGCCTACTGGGTGGGCGCAGGGATCCGGACTGAATCCGTAGT 
ACTTCGGTACAACATTTGGGGGCTCGTCCGGGATACCCTCCCCATCGGCAGAGGTGCCAACTGCT 
TCTTCGAACTTTCTTCGAACTCCGGCGCCGGTGAGTTAAGTACTTGATTTTGGTACCTCGCGAGG 

50 GTTTGGGAGGATCGGAGTGGTGGCGGGACGCTGCCGGGAAGCTCCACCTCCGCTCAGCAGGGGAC 
GCCCTGACCTGAGCTCGAATTCAGATCTTGTGGTATCTGATTGTTGTTGAGCCGTCCCTAAGACG 
GTGATACTAAGTCGTGGCTTGTGTGTTTGTTTGTTGCCTTGTGTTTGTTCGTCGTTTGTCGACAG 
CGCCTTGCGAATTGGTGTACCCACACCGCGCGGCTTGCGAATAATACTTTGGAGAGCCTTTTCCC 
TCCAGTGTCTTCCGTCTGTACTCGTCCTCCTCTCCCTCTCCGGCCGGGAGAGCTCGCCCGGGGAT 

55 CCTCTAGTATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGTATACACT 
CCGCTATCGCTACGTGACTGGGTCATGGCTGCGCCCCGACACCCGCCAACACCCGCTGACGCGCC 
CTGACGGGCTTGTCTGCTCCCCGCATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCTGCA 
TGTGTCAGAGGTTTTCACCGTCATCACCGAAACGCGCGAGGCAGCTGTGGAATGTGTGTCAGTTA 
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GGGTGTCGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATCCAAAGCATGCATCTCAATTA6TC 

AGCAACCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCATA 

GTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAAC7CCGCCCAGTTCCGCCCATTCTCCGCCCCA 

TGGCTGACTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGA 
5 AGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTCTAGAGTCGACCTGCAGCC 

CAAGCTGATCCCCGGCGGCAATGAGATATGAAAAAGCCTGAACTCACCGCGACGTCTGTCGA6AA 

GTTTCTCATCGAAAAGTTCGACAGCGTCTCCGACCTGATGCAGCTCTCGGAGGGCGAAGAATCTC 

GTGCTTTCAGCTTCGATGTAGGAGGGCGTGGATATGTCCTGCGGGTAAATAGCTGCGCCGATGGT 

TTCTACAAAGATCGTTATGTTTATCGGCACTTTGCATCGGCCGCGCTCCCGATTCCGGAAGTGCT 
1 0 TGACATTCCGGAATTCAGCGAGAGCCTGACCTATTGCATC7CCCGCCGTGCACAGGGT GTCACGT 

TGCAAGACCTGCCTGAAACCGAACTGCCCGCTGTTCTGCAGCCGGTCGCGGAGGCCATGGATGCG 

ATCGC7GCGGCC6ATC7TAGCCAGAC6AGCGGGTTCGGCCCATTCGGACCGCAAGGAATCGGTCA 

ATACACTACATGCCGTGATTTCATATGCGCGATTGCTGATCCCCATGTGTATCACTGGCAAACTG 

TGATGGACGACACCGTCAGTGCGTCCGTCGCGCAGGCTCTCGATGAGCTGATGCTTTGGGCC6A6 
15 GACT6CCCCGAAGTCCGGCACCTCGTGCACGCGGATTTCGGCTCCAACAATGTCCTGACGGACAA 

TGGCC6CATAACAGCGGTCATTGACTGGAGCGAGGCGATGTTCGGG6ATTCCCAATACGAGGTCG 

CCAACATCTTCTTCTGGAGGCCGTGGTTGGCTTGTATGGAGCAGCAGACGCGCTACTTCGAGCGG 

AGGCATCCGGAGCTTGCAGGATCGCCGCGGCTCCGGGCGTATATGCTCCGCATTGGTCTTGACCA 

ACTCTATCAGAGC7T6GTTGACGGCAATTTCGATGATCCAGCTTGGGCGCAGGGTCGATGC6ACG 
20 CAATCGTCCGATCCGGAGCCGGGACTGTCGGGCGTACACAAATCGCCCGCAGAAGCGCGGCCGTC 

TGGACCGATGGCTGTGTAGAAGTACTCGCCGATAGTGGAAACCGACGCCCCAGCACTCGTGGGAT 

CAGCTTGGCACTGGAATTAATTCTCATGTTTGACAGCTTATCATC6ATAAGCTCTAGGTCAATGG 

TTTGACCAGAACATACAAGAGCAGTGGGGAATGTGGGAGGGCCTCGAGGTCGGGGTCGCCGTCCT 

ACACATTGTTGTTGTGACGTGCGGCCCAGATTCGAATCTGTAATAAAACCTTTTTTTAACTGAAT 
25 CCT CAGAT TG GCAGT GA&AGGAGATTTTGT T CGT G GT GTTG G CT G G CC T ACT GGGTGG G C GCAGG 

GATC6ATCCAGACATGATAAGATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAGTGAA 

AAAAATGCTTTATT7GTGAAATTTGTGATGCTATTGCTTTATTTGTAACCATTATAA6CTGCAAT 

AAACAAGTTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGT 

TTTTTAAAGCAAGTAAAACCTCTACAAATCAAGCTGATCCCTGCCTCGCGCGTTTCGGTGATGAC 
30 GGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATGCCGG 

GAGCAGACAAGCCCG7CAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCGCAGCCATGACCC 

AGTCACGTAGCGATAGCG6AGTGTATACTGGCTTAACTATCCCGCATCAGAGCAGATTGTACT6A 

GAGTGCACCATATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGCATCAGGCGC 

TCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGC 
35 T C ACTCAAAGGCGGTAATAC GGTTATCCACAGAATCAGG GGAT AAC GCA G GA AAGAAC AT GT GAG 

CAAAAGG CCAGCAAAAG GCCAGGAACCGT AAAAAGGCCGCGTT GCT GG C G TTTTTCCA T AGGCT C 

CGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACT 

ATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGC 

TTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGT 
40 AGGT AT CT CAGT TCG GT GT AGGT C GTTCGCT CCAAGCT GGGC T G T G T G CACGAACCCCCC GT T CA 

GCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTAT 

CGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAG 

TTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCT 

GAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTA 
45 GCGGT GGTT T TTT T GTTTC CAAG CAGCAGATTACGCG CAG AAAAAA A GGAT C T CAAGA AGATCCT 

TTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCAT 

GAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCT 

AAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCA 

GCGATCT GT CTATTT CGTT CATCCATAGTT GCCT GACT CCCCGTCGTGTA GAT AACT ACG AT ACG 
50 GGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAG 

ATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAACTGGTCCTGCAACTTTATCC 

GCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTT 

GCGCAACGTTGTTGCCATTGCTGCAGGCATCGTGGTGTCACGCT CGT CGTT TGGTATGGCTTCAT 

TCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTT 
55 A6CTCCT TCGGT CCT CC G ATCGT T GTCAGAAGTAAG T T G G C C GCA GT G 7 T AT CACT CA T GGT T AT 

GGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAA6ATGCTT77C7G7GACTGGTGAGT 

ACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGC7C77GCCCGGCG7CAACA 

CGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCAT7GGAAAACGT7C7TCGGG 
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GCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCA 
ACTGATCTTCACCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAAT 
GC CG CAAAAAAGGGAATAAG G G C GACAC GGAAAT GTTGAAT AC TCATACTCTTCCTT7TT CAATC 



DNA sequence pP0111-R3 5519 b.p. complete sequence; 

CAGATCTGAGCTTGCCATTGCATACGTTGTATCCATATCATAATATGTACATTTATATTGGCTCA 

TGTCCAACATTACCGCCATGTTGACATTGATTATTGACTAGTTATTAATAG7AATCAATTACGGG 

GT CATTAGTTCAT AGCCCAT AT ATGGAGT TCCGCGTT ACATAACTTA C G G T AAA T GG CCCGCCT G 

GCTGACCGCC CAACGACCCCCGCCCAT TGACGTCAAT AATGAC G T AT GT T CCCAT AGT AACGCCA 

ATAG6GACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACA 

TCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGC 

ATTATGCCCAGTACATGACCTTAT6GGACTTTCCTACTTG6CAGTACATC7ACGTATTAGTCATC 

GCTATTACCATGGTGATGCGGTTTTCGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACG 

GGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGG 

ACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGG 

GAGGTCTATATAAGCAGACCTCTCGGGGTCGCCGTCCTGCACATTGTTGTTGTGACGTGCGGCCC 

AfiATTCGAATCTGTAATAAAACTTTTTTTTTTCTGAATCCTCAGATTGGCAGTGAGAGGAGATTT 

TGTTCGTGGTGTTGCCTGGCCTACTGGGTGGGCGCAGGGATCCGGACTGAATCCGTAGTACTTCG 

GTACAACATTTG666GCTCGTCCGGGATACCCTCCCCATCGGCAGAGGTGCCAACTGCTTCTTCG 

AACTTTCTTCGAACTCCGGCGCCGGTGAGTTAAGTACTTGATTTTGGTACCTCGCGAGGGTTT6G 

GAGGATCGGAGTGGTGGCGGGAC6CTGCCGGGAAGCTCCACCTCCGCTCAGCAGGGGACGCCCTG 

ACCTGAGCTCGAATTCAGATCTTGTGGTATCTGATTGTTGTTGAGCCGTCCCTAAGACGGTGATA 

CTAAGTCGTGGCTTGlSjSTGTTTGTTTGTTGCCTTGTGTTTGTTCGTCGTTTGTCGACAGCGCCTT 

GCGAATTGGTGTACCCACACCGCGCGGCTTGCGAATAATACTTTGGAGAGCCTTTTGCCTCCAGT 

GTCTTCCGTCTGTACTCGTCCTCCTCTCCCTCTCCGGCCGGGAGAGCTCGCCCGGGGATCCTCTA 

GT ATGGT GC ACT CTC AGTACAAT CT6CT CT GATGCCGCATAGTTAAGCC A G T AT AC AC T C C G CT A 

TCGCTACGTGACTGGGTCATGGCTGCGCCCCGACACCCGCCAACACCCGCTGACGCGCCCTGACG 

6GCTTGTCTGCTCCCGGCATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCTGCATGTCTC 

AGAGGTTTTCACCGTCATCACCGAAACGCGCGAGGCAGCTGTGGAATGTGTGTCAGTTAGGGTGT 

GGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAAC 

CAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCATAGTCCCG 

CCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTG 

ACTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGT 

GAG6AGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTCTAGAGTCGACCTGCAGCCCAAGCT 

CATCCCCGGGGGCAATGAGATATGAAAAAGCCTGAACTCACCGCGACGTCTGTCGAGAAGTTTCT 

GATCGAAAAGTTCGACAGCGTCTCCGACCTGATGCAGCTCTCGGAGGGCGAAGAATCTCGTGCTT 

TCAGCTTCGATGTAGGAGGGCGTGGATATGTCCTGCGGGTAAATAGCTGCGCCGATGGTTTCTAC 

AAAGATCGTTATGTTTATCGGCACTTTGCATCGGCCGCGCTCCCGATTCCGGAAGTGCTTGACAT 

T66GGAATTCAGCGAGAGCCTGACCTATTGCATCTCCCGCCGTGCACAGGGTGTCACGTTGCAAG 

ACCTCCCTGAAACCGAACTGCCC6CTGTTCTGCAGCCGGTCGCGGAGGCCATGGATGCGATCGCT 

G CGGCCGATCTT AG CCAGACGAGCGGGT T CGGCCCAT T CGGACCG CAA G GA AT C GGTCAAT ACAC 

TACATGGCGTGATTTCATATGCGCGATTGCTGATCCCCATGTCTATCACTGGCAAACTGTGATGG 

ACGACACCGTCAGTGCGTCCGTCCCGCAGGCTCTCGATGAGCTGATGCTTTGGGCCGAGGACTGC 

CCCCAAGTCCGGCACCTCGTCCACGCGGATTTCGGCTCCAACAATGTCCTGACGGACAATGGCCG 

CATAACAGCGGTCAT TGACTGGAGCGAGGCGATGTTCGGGGATTCCCAATACGAGGTCGCCAACA 

TCTTCTTCTGGAGGCCGTGGTTGGCTTGTATGGAGCAGCAGACGCGCTACTTCGAGCGGAGGCAT 

CCGGAGCTTGCA6GATCGCCGCGGCTCCGGGCGTATATGCTCCGCATTGGTCTTGACCAACTCTA 

TCAGAGCTTGGTTGACGGCAATTTCCATGATGCAGCTTGGGCGCAGGGTCGATGCGACGCAATCG 

TCCGATCCGGAGCCGGGACTGTCGGGCGTACACAAATCGCCCCCAGAAGCGCGGCCGTCTGGACC 

GATGGCTGTGTAGAAGTACTCGCCGATAGTGGAAACCGACGCCCCAGCACTCGTGGGATCAGCTT 

GGCACTGGAATTAATTCTCATGTTTGACAGCTTATCATCGATAAGCTCTAGGTCAATGGTTTGAC 

CAGAACATACAAGAGCAGTGGGGAATGTGGGAGGGCCTCGAGGTCGGGGTCGCCGTCCTACACAT 

TGTTGTTGTGACGTGCGGCCCAGATTCGAATCTGTAATAAAACCTTTTTTTAACTGAATCCTCAG 

ATTGGCAGTGAGACCA6ATTTTGTTCGTGGTGTTGGCTGGCCTACTGGGTGGGCGCAGGGATCGA 

TCCAGACATGATAAGATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAGTGAAAAAAAT 

GCTTTATTTGTCAAATTTGTGATGCTATTGCTTTATTTGTAACCATTATAAGCTGCAATAAACAA 
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GTTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTTTTTA 
AAGCAAGTAAAACCTCTACAAATCAAGCTGATCCCTGCCTCGCGCGTTTCGGTGATGACGGTGAA 
AACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTG7AAGCGGATGCCGGGAGCAG 
ACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCGCAGCCATGACCCAGTCAC 
5 GTAGCGATAGCGGAGT6TATACTGGCTTAACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGC 
ACCATATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGCATCAGGCGCTCTTCC 
GCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCT6CGGCGAGCGGTATCAGCTCACTC 
AAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAG 
GCCAGCAAAAG6CCAGGAACCGTAAAAAGGCCGCGTTGCTCGCGTTTTTCCATAGGCTCCGCCCC 

10 CCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAG 
ATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCG 
GATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTC7CATAGCTCACGCTGTAGGTAT 
CTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGA 
CCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCAC 

15 TGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTG 
AAGTGGTG6CCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCC 
AGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTG 
GTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATC7CAAGAAGATCCTTTGATC 
TTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGT7AAGGGATTTTGGTCATGAGATT 

2 0 ATCAAAAAGGATCTTCACCTAGATCCTTTTAJUVTTAAAAATGAAG7TTTAAATCAATCTAAAGTA 
TAT ATGAGT AAACT T GGT CTGACAGT T ACCAAT GCT T AAT CAGT GAG G C ACCT AT CT C AGC GAT C 
TGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGG 
CTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTAT 
CAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCC 

25 ATCCAGTCTATTAATT^TGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAA 
CGTTGTTGCCATTGCTGCAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCT 
CCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCC 
TTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGC 
ACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAA 

30 CCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAACACGGGAT 
AAT ACCGCGCCACAT AGCAGAACTTT AAAAG T GCT CAT CATT GGAAAA C GT T CTT CGG GGCGAAA 
ACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGAT 
CT TCAG CATCTTTT ACTTTCACCAGCGT TT CT G G GT GAG CAAAAACA G GAAGGCAAAA T G CCGCA 
AAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATC 

35 

DNA sequence PPOH5-R1 3878 b.p. complete sequence; 

CAGATCTGAGCTTGCCATTGCATACGTTGTATCCATATCATAATATGTACATTTATATTGGCTCA 

40 TGTCCAACATTACCGCCATGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGG 
GTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTG 
GCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCA 
ATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACA 
TCAAGT GT AT CATAT GCCAAGT AC6CCCCC T ATT GACGT CAAT G AC GGT AAATGG CCC G CCT GGC 

45 AT T ATGCCCAGT ACAT GACCTTAT GGGACT T T CCT A CTT GGCAG T A CAT CTACGTAT T AG T CATC 

GCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACG 
GGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGG 
ACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCr-r-TAGGCGTGTACGGTGG 
GAGGTCTATATAAGCAGAGCTCATCTCTTGCTCGGGGTCGCCGTCCTGCACATTGTTGTTGTGAC 

50 GTGCGGCCCAGATTCGAATCTGTAATAAAACTTTTTTTTTTCTGAATCCTCAGATTGGCAGTGAG 
AGGAGATTTTGTTCGTGGTGTTGCCTGGCCTACTGGGTGGGCGCAGGGATCCGGACTGAATCCGT 
AGTACTTCGGTACAACATTTGGGGGCTCGTCCGGGATACCCTCCCCATCGGCAGAGGTGCCAACT 
GCTTCTTCGAACTTTCTTCGAACTCCGGCGCCGGTGAGTTAAGTACTTGATTTTGGTACCTCGCG 
AGGGTTTGGGAGGATCGGAGTGGTGGCGGGACGCTGCCGGGAAGCTCCACCTCCGCTCAGCAGGG 

55 GACGCCCTGACCTGAGCTCTGTGGTATCTGATTGTTGTTGAGCCGTCCCTAAGACGGTGATACTA 
AGTCGTGCCTTGTGTGTTTGTTTGTTGCCTTGTGTTTGTTCGTCGTTTGTCGACAGCGCCTTGCG 
AATTGGTCTACCCACACCGCGCG6CTTGCGAATAATACTTTGGAGAGCCTTTTGCCTCCAGTGTC 
TTCCGTCTCTACTCGTCCTCCTCTCCCTCTCCGGCCGCTCTAGAACTAGTGGATCCCCCGGGCTG 
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CAGGAATTCGATATCAAGCT7ATCGATAAGCTCTAGGTCAATGGTTTGACCAGAACATACAAGAG 
CAGTGGGGAATGTGGGAGGGCCTCGAGGTCGGGGTCGCCGTCCTACACATTGTTG7TGTGACGTG 
CGGCCCAGATTCGAA7C7CTAATAAAACCTTTTTTTAACTGAATCC7CAGATTGGCAGTGAGAGG 
AGAT77TGTTCG7GG7G77GGC7GGCCTACTGGGTGGGCGCAGGGATCGATCCAGACATGATAAG 
5 ATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAG7GAAAAAAA7GCTTTATT7GTGAAA 
TTT6TGATGCTATTGCTTTATTTGTAACCATTA7AAGCTGCAATAAACAAGTTAACAACAACAAT 
TGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTTT7TAAAGCAAGTAAAACCT 
CTACAAATCAAGCTGATCCCTGCCTCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATG 
CAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGG 

10 CGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCGCAGCCATGACCCAG7CACGTAGCGATAGCGGAG 
7G7ATACTGGC77AACTA7GCGGCATCAGAGCAGAT7GTAC7GAGAG7GCACCA7A7GCGGTGTG 
AAATACCGCACAGATGCGTAAGGAGAAAATACCGCATCAGGCGC7C77CCGCT7CCTCGCTCAC7 
GACTCGCTGCGC7CGGTCGTTCGGCTGCGGCGAGCGGTA7CAGC7CACTCAAAGGCGG7AATACG 
GTT AT C CACAGAAT CAGGGGA7AACGCAGGAAAGAA CA7 GT GAGC AA A AG GCCAGC AA A AG GC CA 

15 GGAACCGTAAAAAGGCCGCG77GCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCAC 
AAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGAC7A7AAAGA7ACCAGGCGTTTCC 
CCCTGGAAGCTCCC7CG7GCGCTCTCCTGTTCCGACCC7GCCGC77ACCGGA7ACCTGTCC6CCT 
TTCTCCCTTCGGGAAGCGTGGCGCTTTC7CATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAG 
GTCG7TCGCTCCAAGC7CCGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATC 

20 CGGTAAC7 AT CGT C77 GAG7 CCAACCCGG T AAGACA C GAC7 7 A7 C GCCACT GGCAG CAGCCAC7G 

GTAACAGGATTAG CAG AGC GAGGT ATGTAG G CGGT G CT AC AGAGT T CT T GAAG T GG T G GC CT AAC 
TACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTC7GCTGAAGCCAGTTACCTTCGGAAA 
AAGAGTTGGTAGC7C77GA7CCGGCAAACAAACCACCGC7GG7AGCGGTGG7TTTT7TGTTTGCA 
AGCAGCAGATT ACGCGCAGAAAAAAAGGAT CT CAAGAAG AT CCT T T G AT CT7 T 7 CTA C G G GG7 CT 

25 GACGCTCAGTGGAAcS^AAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTT 
CACCTAGATCCTTTTAAA77AAAAA7GAAG7TTTAAATCAATCTAAAGTATATATGAGTAAACTT 
GGTCTGACA6TTACCAATGCTTAATCAGTGAGGCACCTATC7CAGCGATCTGTCTATTTCGT7CA 
TCCATAGTT6CCTCACTCCCCGTCGTGTAGATAACTACGATACCGGAGGGC7TACCATCTGGCCC 
CAGTGC7GCAA7GATACCGCGAGACCCACGCTCACCGGCTCCAGA777ATCAGCAA7AAACCAGC 

30 CAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAAC7TTA7CCGCC7CCA7CCAGTCTATTAAT 
TGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGC 
TGCA6GCATCGTGGTGTCACGCTCGTCGTTTGGTA7GGCTTCA77CAGC7CCGGTTCCCAACCAT 
CAAGGCGAG7TACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATC 
GTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGG7TATGGCAGCACTGCATAATTCTCT 

35 TACTGTCATCCCATCCG7AAGATGCTT7TC7G7GACTGG7GAG7AC7CAACCAAGTCATTCTGAG 
AATA GTGT ATGC G GCGACCGAGTTGCT CT TGCCCGG CG T C AACA CGGGA T AA TACCG C G CCA CAT 
AGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTT 
ACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAAC7GA7CTTCAGCATCTTTTA 
CTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGG 
4 0 GCGACACG6AAATGTTGAATACTCATACTCTTCCTTTTTCAAT 
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I claim: 

1. A recombinant retrovirus vector having a U3-free 5' LTR, a 
partially deleted 3* LTR, all essential cis-acting sequences for replication, an 
5 internal promoter recognizable by a selected host cell, and a non-retroviral gene 
under the control of the recognized promoter wherein: 

(a) the U3-free 5' LTR is positioned 5* of the non-retroviral gene 
and has a transcriptional promoter and enhancer different from that of the original 
retroviral promoter and enhancer replacing the original U3 region of the 5 'LTR; 
10 (b) the partially deleted 3 1 LTR is positioned 3* of the non-retroviral 

gene and has no U3 sequences except for those required at the attachment site for 
viral integration; 

(c) an exogenous polyadenylation addition signal sequence 
recognized by the selected host cell and positioned on the vector 3* to the 3* LTR 
15 viral integration site; and 

id) the internal recognized promoter is positioned adjacent to the 
non-retroviral gene on the vector to permit expression of the non-retroviral gene in 
the host cell; 

whereby the vector can produce progeny virus in a helper cell with 
2 0 the progeny virus being capable of infecting the selected host cell and forming a 
provirus in the host cell, with the non-retroviral gene being expressible in the host 
cell, but the provirus in the host cell will be replication incompetent even in the 
presence of a helper virus. 

25 2. A retrovirus produced by the recombinant retrovirus vector of 

claim 1. 

3. A host cell containing the provirus of claim 1. 
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